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Fod|wrq/ Ylf/ 649;/ DXVWUDOLD
Pdufk 4<<<
4Dfnqrzohgjhphqwv= Zh wkdqn Mdphv Udpvh| iru lqwurgxflqj xv wr wkh olwhudwxuh rq frxsohg
rvfloodwruv/ dqg Grnrdq Nlp iru uhvhdufk dvvlvwdqfh1
5Fruuhvsrqglqj dxwkru1Devwudfw
Wklv sdshu vwxglhv wkh uhodwlrqvkls ehwzhhq lqwhuqdwlrqdo wudgh dqg rxwsxw  xfwxdwlrqv1
Zh qg hylghqfh wkdw wkh exvlqhvv f|fohv ri frxqwulhv wkdw duh pruh rshq wr lqwhuqdwlrqdo
wudgh duh pruh olnho| wr eh v|qfkurql}hg zlwk wkh exvlqhvv f|fohv ri wkhlu pdmru wudglqj
sduwqhuv1 D ghwdlohg vwxg| ri wkh Vrxwk Nruhdq fdvh vkrzv wkdw zkloh exvlqhvv f|fohv duh
uhodwhg wr rshqqhvv/ wkh glyhuvlfdwlrq ri h{sruw ghvwlqdwlrqv vhhpv wr zhdnhq wkhvh olqnv1
Zh qg qr uhodwlrqvkls ehwzhhq rshqqhvv dqg rxwsxw yrodwlolw|1
Nh| Zrugv= Frkhuhqfh/ Frpprq F|fohv/ Rshqqhvv/ V|qfkurql}dwlrq/ Yrodwlolw|1
MHO fodvvlfdwlrq= F65/ H65/ I7<14 Lqwurgxfwlrq
Lw lv zhoo nqrzq wkdw olqnhg elrorjlfdo dqg phfkdqlfdo v|vwhpv zloo riwhq v|qfkurql}h1 H{0
dpsohv ri wklv skhqrphqrq lqfoxgh wkh fr0ruglqdwlrq ri wkh phqvwuxdo f|fohv ri ihpdoh
urrp0pdwhv/ dqg wkh idfw wkdw wkh shqgxod ri wzr shqgxoxp forfnv sodfhg qh{w wr hdfk
rwkhu zloo vwduw wr vzlqj lq skdvh1 V|qfkurql}dwlrq lv vr suhydohqw lq qdwxuh wkdw lw kdv
lqvsluhg h{whqvlyh olwhudwxuhv lq pdwkhpdwlfv/ sk|vlfv dqg elrorj|14 Lq wklv sdshu/ zh dvn
zkhwkhu wkh exvlqhvv f|fohv ri wudglqj hfrqrplhv ehfrph v|fkurql}hg/ ru zkhwkhu wkh| sur0
ylgh dq h{fhswlrq wr wkh deryh sdwwhuqv ri ehkdylru1 Zh dovr dvn zkhwkhu lqwhuqdwlrqdo
wudgh dhfwv wkh yduldqfh ri rxwsxw  xfwxdwlrqv1
Zh xvh wkh whup v|qfkurql}dwlrq zkhq zh revhuyh wkdw wkh exvlqhvv f|fohv lq wzr frxq0
wulhv pryh lq skdvh1 Wkxv/ lq wkh frqwh{w ri lqwhuqdwlrqdo rxwsxw  xfwxdwlrqv/ v|qfkur0
ql}dwlrq qrw rqo| lpsolhv wkh vw|ol}hg idfw wkdw ghwuhqghg phdvxuhv ri rxwsxw iurp glhuhqw
frxqwulhv duh srvlwlyho| fruuhodwhg> lw dovr lpsolhv wkdw wkhlu vkrfn sursdjdwlrq phfkdqlvpv
duh froolqhdu1 Rxu frqfhsw ri v|qfkurql}dwlrq lv xvhixo iru wklqnlqj derxw txhvwlrqv vxfk
dv zkhwkhu wkh f|fohv ri h{sruw0rulhqwhg frxqwulhv ehfrph pruh vlplodu wr wkrvh ri wkhlu
pdmru wudglqj sduwqhuv/ ru zkhwkhu wkh f|fohv ri lqzdug0orrnlqj hfrqrplhv uhwdlq fkdudf0
whulvwlfv zklfk glhu iurp wkh uhvw ri wkh zruog1 Rxu dqdo|vlv ri exvlqhvv f|fohv lq wkluw|
vhyhq frxqwulhv qgv pdq| h{dpsohv ri v|qfkurql}dwlrq/ dqg zh dovr qg hylghqfh wkdw
v|qfkurql}dwlrq lv uhodwhg wr wudgh1 Lq sduwlfxodu/ wkh exvlqhvv f|fohv ri wkrvh frxqwulhv
zklfk duh uhodwlyho| pruh rshq/ whqg wr eh v|qfkurql}hg zlwk wkh exvlqhvv f|fohv ri wkhlu
pdmru wudglqj sduwqhuv1
Wkhuh lv d sduwlfxoduo| odujh olwhudwxuh rq wkh uhodwlrqvkls ehwzhhq rshqqhvv dqg hfr0
qrplf shuirupdqfh/ exw wkh ydvw pdmrulw| ri hpslulfdo vwxglhv lq wkh lqwhuqdwlrqdo wudgh
dqg ghyhorsphqw hogv kdyh irfxvvhg rq wkh frqqhfwlrqv ehwzhhq dq hfrqrp|*v rshqqhvv
dqg jurzwk1 Wklv lv kdugo| vxusulvlqj/ jlyhq wkdw jurzwk lv d pdmru srolf| remhfwlyh iru
ghyhorslqj frxqwulhv1 Jhqhudoo| uhvhdufkhuv kdyh irxqg d srvlwlyh fruuhodwlrq ehwzhhq wkhvh
wzr yduldeohv/ dowkrxjk wkh h{whqw ri wkh jurzwk0rshqqhvv fruuhodwlrq dqg lwv hfrqrplf
4Vhh Vwurjdw} dqg Vwhzduw +4<<6, iru dq lqwhuhvwlqj dqg ixq0wr0uhdg wuhdwlvh rq wkh wkhru| ri frxsohg
rvfloodwruv1
4lqwhusuhwdwlrq duh riwhq ghedwhg15 Vhh Edodvvd +4<;<,/ Hgzdugv +4<<6, dqg wkh uhihuhqfhv
wkhuhlq1
Jlyhq wkh hpskdvlv rq wkh uhodwlrqvkls ehwzhhq rshqqhvv dqg jurzwk/ wkh ghyhorsphqw
dqg lqwhuqdwlrqdo wudgh olwhudwxuhv kdyh sdlg uhodwlyho| olwwoh dwwhqwlrq wr wkh hpslulfdo
uhodwlrqvklsv ehwzhhq rshqqhvv dqg wkh fkdudfwhulvwlfv ri exvlqhvv f|fohv1 Lq sduwlfxodu/
olwwoh lv nqrzq derxw wkh hpslulfdo uhodwlrqvklsv ehwzhhq rshqqhvv dqg frpryhphqw lq
f|fohv/ ru zkhwkhu rshqqhvv dhfwv rxwsxw yrodwlolw|1 Krzhyhu/ wkhuh duh lqwxlwlyh uhdvrqv
wr wklqn wkdw wudgh vkrxog fr0ruglqdwh wkh exvlqhvv f|fohv ri wkh frxqwulhv lqyroyhg1 Zkhwkhu
rqh wdnhv wkh shvvlplvwlf ylhz ri wkh qrz xqsrsxodu ghshqghqf| vfkrro ri wkrxjkw/ ru wkh
pruh srsxodu lqwhjudwhg0hfrqrp| ylhz ri prghuq wudgh wkhru|/ lw lv uhdvrqdeoh wr eholhyh
wkdw wkh exvlqhvv f|fohv ri pdmru wudgh sduwqhuv vkrxog pryh lq v|qfkurq|61K r z h y h u /w k h v h
wzr h{wuhph srvlwlrqv fdq ohdg wr glhuhqw suhglfwlrqv derxw yrodwlolw| ri dq h{sruw0rulhqwhg
ghyhorslqj frxqwu|1 Li wudgh ohdgv wr vshfldol}dwlrq lq udz pdwhuldo surgxfwlrq wkhq lw fdq
lqfuhdvh yrodwlolw|/ exw li lw lqyroyhv wkh ghyhorsphqw ri d prghuq h{sruw vhfwru dorqjvlgh
wkh wudglwlrqdo vhfwru ri wkh hfrqrp|/ wkhq lw fdq ohdg wr pruh glyhuvlfdwlrq dqg khqfh
orzhu yrodwlolw| lq exvlqhvv f|fohv1
Wkh prghuq g|qdplf pdfurhfrqrplf olwhudwxuh kdv sdlg frqvlghudeoh dwwhqwlrq wr wkh
frqqhfwlrqv ehwzhhq lqwhuqdwlrqdo wudgh dqg exvlqhvv f|fohv/ dowkrxjk lw kdv irfxvvhg rq
txhvwlrqv zklfk glhu iurp rxuv1 Rqh eudqfk ri wklv olwhudwxuh dwwhpswv wr pdwfk vw|o0
l}hg idfwv derxw furvv0frxqwu| gdwd e| dowhulqj wkh fkdudfwhulvwlfv ri vkrfnv dssolhg wr
wzr0frxqwu| +ru vpdoo rshq hfrqrp|, yhuvlrqv ri uhdo exvlqhvv f|foh prghov1 Lqwhuhvw kdv
fhqwhuhg rq ihdwxuhv ri lqwhuqdwlrqdo exvlqhvv f|fohv vxfk dv furvv0frxqwu| frqwhpsrudqh0
rxv fruuhodwlrqv iru rxwsxw dqg frqvxpswlrq/ wkh vdylqj0lqyhvwphqw fruuhodwlrq/ dqg wkh
f|folfdo ehkdylru ri wkh wudgh edodqfh dqg whupv ri wudgh1 Vhh Edfnxv hw do1 +4<<5,/ Ed{0
whu dqg Fuxflql +4<<6,/ Fdqwru dqg Pdun +4<;;,/ Fdqryd dqg Pduulqdq +4<<;,/ Phqgr}d
+4<<4, dqg Vwrfnpdq dqg Whvdu +4<<8, iru vrph h{dpsohv/ dqg Ed{whu +4<<8, iru d uhylhz1
D forvho| uhodwhg eudqfk ri wkh pdfurhfrqrplf olwhudwxuh xvhv hfrqrphwulf prghov lqfoxg0
5Wkh phdvxuhphqw ri rshqqhvv lv d frqwuryhuvldo lvvxh1 Vhh Kduulvrq +4<<9, iru d jrrg uhfhqw glvfxvvlrq
ri wklv dqg rwkhu lvvxhv uhodwlqj wr wkh lqwhusuhwdwlrq ri wkh jurzwk0rshqqhvv fruuhodwlrq1
6Uhylhzv ri wkh uhohyhqw wkhrulhv lq wkh wudgh dqg ghyhorsphqw olwhudwxuhv fdq eh irxqg lq Eolvv +4<;<,
dqg Nuxjpdq +4<<8,1
5lqj yhfwru dxwruhjuhvvlyh +YDU, prghov wr lqyhvwljdwh wkh uhodwlyh lpsruwdqfh ri glhuhqw
vruwv ri vkrfnv +h1j1 joredo yhuvxv frxqwu|0vshflf vkrfnv,1 Vhh/ iru lqvwdqfh/ Dkphg hw do1
+4<<6,/ Fdqryd dqg Ghoodv +4<<6,/ Nzdun +4<<<, dqg Vwrfnpdq +4<;;,1
Rqo| d kdqgixo ri sdshuv kdyh jrqh eh|rqg wkh txhvwlrq ri zkhwkhu rxwsxw  xfwxdwlrqv
duh srvlwlyho| fruuhodwhg/ dqg gluhfwo| dgguhvvhg lvvxhv ri v|qfkurql}dwlrq1 Lqghhg/ rxw
ri doo ri wkh zrun flwhg deryh/ rqo| Fdqryd dqg Pduulqdq +4<<;, ghvfuleh wkh g|qdplf
surshuwlhv ri wkh exvlqhvv f|fohv lq wkhlu prgho1 Wkhuh duh d ihz sdshuv rq wkh g|qdplfv ri
lqwhuqdwlrqdo exvlqhvv f|fohv/ zklfk dvn zkhwkhu rxwsxw  xfwxdwlrqv iurp glhuhqw frxqwulhv
kdyh kljk frkhuhqfh ryhu d udqjh ri glhuhqw iuhtxhqflhv/ ru zkhwkhu wkh| h{klelw vlplodu
vhuldo fruuhodwlrq surshuwlhv1 H{dpsohv lqfoxgh Jhuodfk +4<;;,/ zkr xvhv vshfwudo whfkqltxhv
wr vwxg| wkh frkhuhqfh ehwzhhq glhuhqw frxqwu| f|fohv dw ydulrxv iuhtxhqflhv/ Hqjoh dqg
Nr}lfnl +4<<6, zkr whvw iru frpprq vhuldo fruuhodwlrq ihdwxuhv lq rxwsxw jurzwk lq wkh J:
frxqwulhv/ dqg Juhjru| hw do1 +4<<:,/ zkr xqghuwdnh d g|qdplf idfwru dqdo|vlv ri exvlqhvv
f|foh lqglfdwruv lq wkh J: frxqwulhv1 Uhfhqwo|/ Dqghuvrq dqg Udpvh| +4<<<, kdyh vwxglhg
wkh surfhvv ri v|qfkurql}dwlrq/ dqg surylghg hpslulfdo hylghqfh wkdw lqwhuqdwlrqdo olqndjhv
fdq ohdg wr wkh v|qfkurql}dwlrq ri exvlqhvv f|fohv1
Rxu sdshu h{solflwo| h{dplqhv wkh g|qdplf dvshfwv ri wkh uhodwlrqvkls ehwzhhq wudgh
dqg frpryhphqw lq lqwhuqdwlrqdo rxwsxw  xfwxdwlrqv1 Xvlqj wkh frqfhswv ri frpprq f|fohv
dqg frkhuhqfh dv phdvxuhv ri frpryhphqw/ dqg gdwd rq wkh lqgxvwuldo surgxfwlrq lqglfhv
dqg wudgh iru wkluw| vhyhq frxqwulhv/ zh qg wkdw frpryhphqw dqg rshqqhvv duh olqnhg1 Wkh
pruh rshq dq hfrqrp| lv/ wkh pruh olnho| wkdw lwv surgxfwlrq zloo kdyh d frpprq f|foh zlwk
wkh surgxfwlrq ri lwv pdmru wudglqj sduwqhu1 Zh dovr lqyhvwljdwh wkh uhodwlrqvkls ehwzhhq
rshqqhvv dqg wkh yduldelolw| ri d frxqwu|*v rxwsxw durxqg lwv wuhqg1 Uhjdugohvv ri zkhwkhu
zh orrn dw xqfrqglwlrqdo fruuhodwlrqv/ ru zkhwkhu zh frqglwlrq rq uhohydqw yduldeohv vxfk
dv vl}h dqg ohyho ri shu0fdslwd lqfrph/ zh qg qr vljqlfdqw uhodwlrqvkls ehwzhhq rshqqhvv
dqg yrodwlolw|1
Fkdqjhv lq rshqqhvv pd| ohdg wr fkdqjhv lq wkh uhodwlrqvklsv ehwzhhq glhuhqw frxq0
wulhv* exvlqhvv f|fohv/ dqg zh lqyhvwljdwh wklv lvvxh e| xvlqj wkh h{shulhqfhv ri Vrxwk Nruhd
dv d fdvh vwxg|1 Nruhd*v wzr pdmru wudgh sduwqhuv kdyh ehhq Mdsdq dqg wkh XV/ dqg zh dvn
zkhwkhu ru qrw wkh Nruhdq exvlqhvv f|fohv kdyh ehfrph forvhu wr wkrvh ri Mdsdq dqg wkh
6XV1 Zh qg hylghqfh wkdw wklv kdv rffxuuhg zkhq wkh vkduh ri wkhvh frxqwulhv lq Nruhdq
wudgh lv odujh +pruh wkdq 83( ri wkh wrwdo,/ dqg hylghqfh wkdw wkhvh exvlqhvv f|fohv duh
qrw vlplodu zkhq wklv vkduh ehfrphv vpdoo1
Wkh sodq ri rxu sdshu lv dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh vruwv ri g|qdplf fr0pryhphqw
wkdw zh xvh lq rxu dqdo|vlv/ dqg surylghv irupdo ghqlwlrqv ri frpprq f|fohv dqg rxu
phdvxuh ri frkhuhqfh dw exvlqhvv f|foh iuhtxhqflhv1 Wklv vhfwlrq dovr ghvfulehv rxu gdwd/
dqg surylghv ghwdlov uhodwlqj wr krz zh phdvxuh wkh rshqqhvv ri dq hfrqrp|1 Zh wkhq
xqghuwdnh rxu furvv0vhfwlrqdo hpslulfdo dqdo|vlv lq Vhfwlrq 6/ dqg rxu wlph vhulhv dqdo|vlv
ri wkh Nruhdq fdvh lq Vhfwlrq 71 Vhfwlrq 8 surylghv d vxppdu| dqg frqfoxghv1
5 Gdwd dqg Phdvxuhphqw
514 Ghqlwlrq ri d exvlqhvv f|foh lqglfdwru
Zh edvh rxu phdvxuhv ri exvlqhvv f|fohv rq wkh f|folfdo frpsrqhqw ri wkh orjdulwkpv ri
txduwhuo| lqglfhv ri lqgxvwuldo surgxfwlrq1 Wklv iroorzv wkh frqyhqwlrq ri xvlqj d txduwhuo|
phdvxuh ri ghwuhqghg rxwsxw dv d uhsuhvhqwdwlyh lqglfdwru iru wkh pxowl0glphqvlrqdo skh0
qrphqrq ri d exvlqhvv f|foh/ exw lw glhuv iurp vwdqgdug sudfwlfh lq wkdw zh xvh lqgxvwuldo
surgxfwlrq/ udwkhu wkdq JGS ru JQS dv rxu exvlqhvv f|foh lqglfdwru1 Rxu ghflvlrq wr xvh
lqgxvwuldo surgxfwlrq gdwd zdv glfwdwhg e| gdwd dydlodelolw|/ vlqfh JGS gdwd iru vrph frxq0
wulhv lv rqo| dydlodeoh dw dq dqqxdo iuhtxhqf|1 Rxu gdwd vhw lv gudzq iurp wkh Lqwhuqdwlrqdo
Ilqdqfldo Vwdwlvwlfv gdwd edvh/ dqg lw lqfoxghv lqgxvwuldo surgxfwlrq lqglfhv iru 6: frxqwulhv
dv zhoo dv d frpsrvlwh lqgh{ iru lqgxvwuldo frxqwulhv1 Zh odeho wklv odvw lqgh{/ wkh zruog
lqgh{17 Dsshqgl{ 4 surylghv d olvwlqj ri wkh frxqwulhv lq rxu gdwd vhw/ wrjhwkhu zlwk wkh
vdpsoh shulrg iru hdfk frxqwu|1
Dowkrxjk wkh xvh ri JGS gdwd zrxog kdyh pdgh rxu dqdo|vlv pruh frpsdudeoh wr
rwkhu vwxglhv zklfk kdyh dgguhvvhg wkh uhodwlrqvkls ehwzhhq hfrqrplf shuirupdqfh dqg
rshqqhvv/ lw lv srvvleoh wkdw lqgxvwuldo surgxfwlrq gdwd pljkw eh ehwwhu vxlwhg iru rxu
sxusrvh1 Vlqfh JGS riwhq frqwdlqv d odujh grphvwlf vhuylfhv frpsrqhqw dqg wkh zd|v
7Prvw ri wkh gdwd uhsruwhg e| wkh LPI lv vhdvrqdoo| dgmxvwhg1 Zkhq xqdgmxvwhg gdwd zdv uhsruwhg/ zh
xvhg wkh [044 surfhgxuh wr pdnh wkh vhdvrqdo dgmxvwphqwv1
7lq zklfk  xfwxdwlrqv lq wkh lqgxvwuldo vhfwru wulfnoh grzq wr rwkhu vhfwruv lq wkh hfrqrp|
pljkw eh frxqwu|0vshflf/ lw lv srvvleoh wkdw wrwdo JGS lq glhuhqw frxqwulhv zloo qrw pryh
wrjhwkhu/ zkloh lqgxvwuldo surgxfwlrq pljkw1
L wz r x o gs h u k d s ve hp r u hd f f x u d w hl iz hu h s o d f hw k hs k u d v h e x v l q h v vf | f o h z l w k w k h
f|folfdo frpsrqhqw ri wkh orjdulwkp ri wkh vhdvrqdoo| dgmxvwhg txduwhuo| lqgxvwuldo sur0
gxfwlrq lqgh{ wkurxjkrxw wkh sdshu1 Diwhu doo/ d exvlqhvv f|foh lv d pxowl0glphqvlrqdo
skhqrphqrq1 Krzhyhu/ lw lv xvxdo lq wkh hpslulfdo pdfurhfrqrplf olwhudwxuh wr wdon derxw
wkh surf|folfdo ru frxqwhuf|folfdo ehkdylru ri glhuhqw yduldeohv/ edvhg rq wkh fruuhodwlrqv
zlwk d ghwuhqghg phdvxuh ri rxwsxw1 Khuh/ zh iroorz wkh vdph frqyhqwlrq/ dvvxplqj wkdw
lwv lqdffxudf| lv zhoo xqghuvwrrg1
515 Ghwuhqglqj phwkrgv dqg phdvxuhv ri frpprq f|fohv
Wkhuh duh pdq| glhuhqw phwkrgv wkdw fdq eh xvhg wr ghfrpsrvh wlph vhulhv lqwr wkhlu wuhqg
dqg f|folfdo frpsrqhqwv/ dqg wklv kdv ohg wr frqvlghudeoh frqwuryhuv| dv wr zklfk ghwuhqglqj
phwkrg lv ehvw iru dq| jlyhq sxusrvh1 Fdqryd +4<<;, surylghv d jrrg glvfxvvlrq ri wkh pdq|
dvshfwv ri wkh ghwuhqglqj ghedwh1 Zh dfnqrzohgjh wkh ghwuhqglqj ghedwh e| zrunlqj zlwk
wzr ghwuhqglqj surfhgxuhv wkdw duh frpprqo| xvhg lq wkh pdfurhfrqrplfv olwhudwxuh1 Rxu
uvw ghwuhqglqj phwkrg lv Vwrfn dqg Zdwvrq*v +4<;;, pxowlyduldwh jhqhudol}dwlrq ri wkh
Ehyhulgjh dqg Qhovrq*v +4<;4, wuhqg0f|foh ghfrpsrvlwlrq/ zklfk ohdgv wr f|fohv wkdw zh
fdoo EQVZ f|fohv1 Dv glvfxvvhg ehorz/ rxu frpprq f|foh whvwv duh h{solflwo| ghvljqhg
wr dqdo|}h EQVZ f|fohv1 Rxu vhfrqg wuhqg2f|foh ghfrpsrvlwlrq lv edvhg rq wkh Krgulfn0
Suhvfrww owhu +Krgulfn dqg Suhvfrww 4<;3,1 Wklv dowhuqdwlyh lv surylghg iru wkh sxusrvhv
ri frpsdulvrq1 D eulhi ghvfulswlrq ri hdfk ri wkhvh surfhgxuhv lv surylghg lq Dsshqgl{ 51
Wkh whfkqltxhv wkdw zh xvh wr orrn iru hylghqfh ri frpprq f|fohv ghshqg rq wkh
wuhqg2f|foh ghfrpsrvlwlrq1 Wkh frpprq f|foh whvw ghyhorshg e| Ydklg dqg Hqjoh +4<<6,
lv dssursuldwh iru ghwhuplqlqj zkhwkhu ru qrw wkh f|folfdo frpsrqhqwv lq wkh EQVZ gh0
frpsrvlwlrq pryh wrjhwkhu/ exw lw lv qrw vxlwdeoh iru dqdo|}lqj wkh KS0owhuhg gdwd1
Ghwdlov ri wkh frpprq f|foh whvw duh surylghg lq Dsshqgl{ 51 Lq d elyduldwh h{dpsoh/
wkh qxoo k|srwkhvlv lv wkdw wkh f|folfdo frpsrqhqwv lq wkh EQVZ ghfrpsrvlwlrq ri wkh
8+5 4, yhfwru || duh frpsohwho| frkhuhqw18 Wklv zloo kdsshq li dqg rqo| li wkhuh lv d olqhdu
frpelqdwlrq ri wkh uvw glhuhqfhv ri ||/ + l1h1/ ||,>zklfk fdqqrw eh suhglfwhg iurp wkh
sdvw +l1h1/ s odjv ri ||,1 Iru d vdpsoh ri vl}h W/ wkh whvw vwdwlvwlf iru wklv k|srwkhvlv lv +W
s,oq+42
￿,>zkhuh 2
￿ lv wkh vpdoohvw vdpsoh vtxduhg fdqrqlfdo fruuhodwlrq ehwzhhq || dqg
i||3￿>||32>>||3Rj1 Wklv whvw vwdwlvwlf kdv dq dv|pswrwlf fkl0vtxduhg glvwulexwlrq/
zlwk +5s  4, ghjuhhv ri iuhhgrp1
Lw lv wkhruhwlfdoo| srvvleoh wr whvw iru frpprq EQVZ f|fohv lq doo ri wkh vhulhv dw wkh
vdph wlph/ dqg li zh kdg vx!flhqwo| orqj wlph vhulhv/ lw zrxog kdyh ehhq dssursuldwh wr
gr wklv1 Krzhyhu/ lw lv zhoo nqrzq wkdw zkhq wkh vdpsoh vl}h lv vpdoo/ dqg wkh glphqvlrq
ri wkh sureohp lqfuhdvhv/ wkhq wkh dffxudf| ri wkh whvw glplqlvkhv1 Khqfh zh shuirup rxu
dqdo|vlv rq sdluv ri frxqwulhv/ ru rqh frxqwu| dqg wkh zruog1 Wkh glvdgydqwdjh ri sdluzlvh
whvwlqj lv wkdw vlqfh wkh whvwv duh qrw edvhg rq frpprq lqirupdwlrqdo jurxqgv +l1h1/ wkh| whvw
zkhwkhu wkhuh lv d olqhdu frpelqdwlrq zklfk lv xqsuhglfwdeoh iurp wkh sdvw lqirupdwlrq vhw
ri rqo| wzr frxqwulhv/ dqg qrw doo frxqwulhv,/ zh pd| hqfrxqwhu vrph orjlfdo lqfrqvlvwhqflhv1
Lq sduwlfxodu/ zh pd| vhh wkdw wkh k|srwkhvlv ri frpprq f|fohv ehwzhhq frxqwu| D dqg E/
dqg ehwzhhq frxqwu| E dqg F pljkw eh uhmhfwhg/ zkloh frpprq f|fohv ehwzhhq D dqg F lv
qrw1 Rqh fdq uhod{ wkh uhtxluhphqw wkdw wkhuh lv frpsohwh frkhuhqfh ehwzhhq wkh EQVZ
f|fohv/ dqg doorz wkh f|folfdo frpsrqhqwv wr glhu voljkwo| iru dw prvw rqh ru wzr shulrgv1
Vwdwlvwlfdo whvwv iru wkhvh zhdnhu w|shv ri frpprq f|fohv duh ghyhorshg lq Ydklg dqg Hqjoh
+4<<:,/ exw duh qrw xvhg khuh ehfdxvh ri gdwd olplwdwlrqv1
Wkhuh lv qr frqyhqlhqw frpprq f|foh whvw iru KS f|fohv1 Wkxv/ lq rughu wr lqyhvwljdwh li
wkh KS f|fohv ri wzr vhulhv pryh wrjhwkhu/ zh frpsxwh wkh frkhuhqf| ehwzhhq wkh wzr KS
f|fohv dw doo exvlqhvv f|foh iuhtxhqflhv1 Zh iroorz Ed{whu dqg Nlqj +4<<8, dqg fkrrvh
doo iuhtxhqflhv ehwzhhq Z
￿S dqg Z
e +f|fohv zlwk shulrgv ; wr 65 txduwhuv/ ru 5 wr ; |hduv,1
Iroorzlqj wkh h{dpsoh ri Fdqryd dqg Ghoodv +4<<6,/ zh wkhq wdnh wkh dyhudjh ri vtxduhg
frkhuhqflhv iru wkhvh iuhtxhqflhv dv d phdvxuh ri frpryhphqw ehwzhhq wkh KS f|fohv1 Wkh
sureohp zlwk wklv phdvxuh lv wkdw lw fdq eh vhqvlwlyh wr wkh zlqgrz xvhg iru vprrwklqj wkh
8E| frpsohwho| frkhuhqw/ zh phdq wkdw wkhuh lv d vtxduhg frkhuhqfh ri 4 dw doo iuhtxhqflhv1 Wkh vtxduhg
frkhuhqfh dw iuhtxhqf| / ehwzhhq wzr wlph vhulhv/ lv urxjko| wkh -
2 ehwzhhq wkh f|folfdo frpsrqhqwv ri wkh
wzr wlph vhulhv dw iuhtxhqf| /1
9vshfwudo ghqvlwlhv/ dqg lwv suhflvlrq fdqqrw eh hdvlo| ghwhuplqhg1 Lq rxu uhsruwhg uhvxowv/
zh kdyh xvhg wkh Sdu}hq zlqgrz iru vprrwklqj rxu shulrgrjudpv/ exw zh kdyh grqh vlplodu
dqdo|vhv zklfk xvh txdgudwlf vshfwudo zlqgrzv/ dqg wkhvh uhvxowv duh txdolwdwlyho| wkh vdph1
516 H{sodqdwru| yduldeohv
Zh xvh vhyhudo srwhqwldoo| uhohydqw h{sodqdwruv wr lqyhvwljdwh zk| frpprq f|fohv pljkw
dulvh1 Rxu sulpdu| rshqqhvv yduldeoh +RSHQ, lv dq dyhudjh ri wkh dqqxdo rshqqhvv phdvxuh
surylghg lq wkh Vxpphuv0Khvwrq +4<<4, Shqq Zruog Wdeoh +wkh vxp ri h{sruwv dqg lpsruwv
glylghg e| JGS,1 Zh dyhudjh ryhu wkh vdph wlph vsdq dv wkdw fryhuhg e| wkh lqgxvwuldo
surgxfwlrq vhulhv iru hdfk frxqwu|1 Wklv phdvxuh lv rqo| rqh ri pdq| rshqqhvv phdvxuhv
zklfk kdyh ehhq xvhg lq wkh olwhudwxuh> vhh Ohdphu +4<;;, ru Hgzdugv +4<<5, iru dowhuqdwlyh
phdvxuhv wkdw dffrxqw iru wudgh uhvwulfwlrqv dqg lqvwlwxwlrqdo idfwruv hwf1 Zh pdnh eulhi
xvh ri dqrwkhu rshqqhvv yduldeoh +H[SJGS,/ zklfk phdvxuhv wkh udwlr ri h{sruwv wr JGS1
Wklv yduldeoh lv dovr ghulyhg iurp wkh Vxpphuv0Khvwrq +4<<4, Shqq Zruog Wdeoh/ dqg/ dv
deryh/ lw lv wkh dyhudjh ri wkh dqqxdo udwlrv ri h{sruwv wr JGS/ dyhudjhg ryhu wkh vdph
wlph vsdq dv wkdw fryhuhg e| wkh lqgxvwuldo surgxfwlrq lqgh{ vhulhv iru hdfk frxqwu|1
Rxu rwkhu srvvleoh h{sodqdwruv iru frpprq f|fohv lqfoxgh vrph frxqwu| vl}h yduldeohv/
+VL]H dqg VL]HSF, zklfk duh dovr iurp wkh Vxpphuv0Khvwrq +4<<4, gdwd vhw1 Wkh uvw ri
wkhvh yduldeohv phdvxuhv wkh udwlr ri hdfk frxqwu|*v wrwdo JGS wr wkdw ri wkh Xqlwhg Vwdwhv/
zkloh wkh vhfrqg phdvxuhv wkh udwlr ri hdfk frxqwu|*v shu fdslwd JGS wr wkh Xqlwhg Vwdwhv1
Zh dovr xvh d gxpp| yduldeoh/ RHFG/ wr lqglfdwh zkhwkhu ru qrw d frxqwu| lv d phpehu
ri RHFG1 Zh lghqwlhg hdfk frxqwu|*v pdmru wudgh sduwqhu iurp lqwhuqdwlrqdo wudgh gdwd
rq h{sruwv wr d pdmru wudglqj sduwqhu/ dydlodeoh lq ydulrxv lvvxhv ri wkh Gluhfwlrq ri Wudgh
Vwdwlvwlfv1
6 Frpprq F|fohv lq d Furvv0Vhfwlrq ri Frxqwulhv
614 Frpprq F|fohv dqg Rshqqhvv
Zh vwduw rxu frpprq f|foh dqdo|vlv e| frqvwuxfwlqj irxu frpryhphqw vwdwlvwlfv iru hdfk
frxqwu| lq rxu gdwd vhw1 Wkhvh vwdwlvwlfv dvvhvv wkh vlplodulw| ehwzhhq wkh exvlqhvv f|fohv
:lq wkh frxqwu| ri lqwhuhvw dqg lwv pdmru wudgh sduwqhu1 Wkuhh ri wkhvh irxu vwdwlvwlfv duh
edvhg rq wkh frpprq f|foh whvw h{sodlqhg lq Vhfwlrq 515= FFPSYDO lv wkh s0ydoxh iru
wkh frpprq f|foh whvw/ zkloh FFP8SFW dqg FFP4SFW duh elqdu| lqglfdwruv zklfk vkrz
zkhwkhu FFPSYDO lv odujhu wkdq 8( ru 4( uhvshfwlyho|1 D odujh s0ydoxh vxjjhvwv d
frpprq f|foh/ dqg d s0ydoxh odujhu wkdq 8( phdqv wkdw zh fdqqrw uhmhfw wkh qxoo k|srwkhvlv
wkdw wkh frxqwu| kdv d frpprq f|foh zlwk lwv pdmru wudglqj sduwqhu/ dw wkh 8( ohyho ri
vljqlfdqfh1 Wkh irxuwk vwdwlvwlf/ FRKPS/ lv wkh phdvxuh ri frpryhphqw ehwzhhq wkh
KS0owhuhg lqgxvwuldo surgxfwlrq vhulhv iru wkh frxqwu| ri lqwhuhvw dqg lwv pdmru wudglqj
sduwqhu/ dqg lw lv frqvwuxfwhg dv ghvfulehg lq Vhfwlrq 5151
Rxu frpprq f|foh whvwv lqglfdwh wkdw pdq| frxqwulhv kdyh d frpprq f|foh zlwk wkhlu
pdmru wudgh sduwqhu1 Rxw ri wkh 6: frxqwulhv zh frqvlghu/ zh qg hohyhq lqvwdqfhv ri
frpprq f|fohv zkhq whvwlqj dw wkh 43( ohyho/ irxuwhhq zkhq whvwlqj dw wkh 8( ohyho/ dqg
wzhqw|0vl{ zkhq whvwlqj dw wkh 4( ohyho1 Wr jlyh vrph vshflf h{dpsohv> dw wkh 8( ohyho/ lw
dsshduv wkdw hdfk ri Ehojlxp/ Ox{hpexuj/ Srodqg dqg Vzhghq kdyh d frpprq f|foh zlwk
wkhlu pdmru wudglqj sduwqhu +Jhupdq|,/ Qhz ]hdodqg kdv d frpprq f|foh zlwk lwv pdmru
wudglqj sduwqhu +Dxvwudold, dqg Luhodqg kdv d frpprq f|foh zlwk wkh Xqlwhg Nlqjgrp1
Wdeoh 4 surylghv Vshdupdq udqn furvv fruuhodwlrqv +vhh Nhqgdoo hw do1 +4<<4,/ s1 <;;,
ehwzhhq wkh deryh phdvxuhv ri frpprq f|fohv dqg wkh yduldeohv ghvfulehg lq Vhfwlrq 5161
Zh uhsruw udqn fruuhodwlrqv udwkhu wkdq vlpsoh fruuhodwlrqv vr dv wr olplw wkh lq xhqfh ri
rxwo|lqj frxqwulhv vxfk dv Vlqjdsruh dqg Krqj Nrqj1 Wkh uhvxowv iru vlpsoh fruuhodwlrqv
+qrw uhsruwhg, duh txdolwdwlyho| wkh vdph1 Wkh fruuhodwlrq frh!flhqwv uhfrughg lq wkh uvw
urz ri Wdeoh 4 +l1h1/ 316;</ 31756 dqg 315<<, lqglfdwh d vljqlfdqw srvlwlyh uhodwlrqvkls
ehwzhhq rshqqhvv dqg wkh ydulrxv lqglfdwruv ri frpprq +EQVZ, f|fohv91 Wklv vxjjhvwv
wkdw frxqwulhv zklfk kdyh ehhq uhodwlyho| pruh rshq ryhu wkh sdvw wzhqw| ru wkluw| |hduv
duh pruh olnho| wr kdyh frpprq f|fohv zlwk wkhlu pdmru wudgh sduwqhuv1 Lq frqwudvw/ wkh
fruuhodwlrq ehwzhhq rshqqhvv dqg frkhuhqf| ri KS f|fohv lv vpdoohu dqg qrw vwdwlvwlfdoo|
vljqlfdqw1 Wklv glvdjuhhphqw ehwzhhq wkh frqfoxvlrqv edvhg rq EQVZ f|fohv dqg KS
9Uhvxowv duh wkh vdph uhjdugohvv ri zkhwkhu zh xvh RSHQ ru H[SJGS1 Wklv lv qrw vxusulvlqj/ jlyhq
wkdw frxqwulhv zloo qrw jhqhudoo| uxq d wudgh ghflw ru vxusoxv ryhu d orqj shulrg ri wlph1 Odwhu/ lq rxu
uhjuhvvlrqv/ zh rqo| xvh wkh yduldeoh RSHQ1
;f|fohv lv hylghqw wkurxjkrxw prvw ri rxu dqdo|vlv/ dqg zh glvfxvv lw ixuwkhu/ ehorz1
WDEOH 4
Vshdupdq Udqn Fruuhodwlrq Frh!flhqwv
Yduldeoh Frpprq F|foh Phdvxuhv zlwk Pdmru Wudglqj Sduwqhu
FFPSYDO FFP8SFW FFP4SFW FRKPS
RSHQ 316;<WW 31756WWW 315<<W 3149;
H[SJGS 31737WW 31777WWW 315::W 31566
VL]H 031683WW 0316<4WW 031599 3157<WW
VL]HSF 031386 0314:: 3139: 317;6WWW
RHFG 03153< 03154< 0313<3 315;4W
FRUUPOG 31399 31338 03134: 31:6;WWW
FRUUPKS 031393 031437 031355 319<:WWW
Qrwh= - phdqv vljqlfdqw dw 43(/ -- phdqv vljqlfdqw dw 8( dqg --- phdqv vljqlfdqw dw 4( ohyho1
Dsduw iurp rxu rshqqhvv phdvxuhv/ wkh rqo| rwkhu yduldeoh wkdw vhhpv wr eh uhodwhg wr
frpprq EQVZ f|fohv lv VL]H1 Wklv uhodwlrqvkls lv qhjdwlyh/ phdqlqj wkdw wkh odujhu wkh
frxqwu|/ wkh ohvv olnho| lw lv wr kdyh frpprq f|fohv zlwk lwv pdmru wudglqj sduwqhu1 Wkh
fruuhvsrqglqj fruuhodwlrqv iru wkh lqfrph shu fdslwd +VL]HSF, yduldeoh dqg wkh gxpp|
iru wkh RHFG frxqwulhv +RHFG, duh qhjdwlyh/ exw qrw vwdwlvwlfdoo| vljqlfdqw dw wkh 8(
ohyho1 Wkh uhvxowv edvhg rq wkh frkhuhqf| phdvxuh ri wkh KS0owhuhg gdwd duh txlwh glhu0
hqw1 Khuh/ zh vhh d vljqlfdqw srvlwlyh uhodwlrqvkls ehwzhhq frkhuhqfh dqg rxu phdvxuh ri
vl}h +VL]H,/ zklfk vhhpv frxqwhu0lqwxlwlyh/ jlyhq wkh uhodwlyho| vpdoo uroh ri wudgh lq odujh
hfrqrplhv1 Wkh rwkhu phdvxuhv ri vl}h dqg hfrqrplf ghyhorsphqw +VL]HSF/ RHFG, dovr
kdyh d vljqlfdqw dqg srvlwlyh fruuhodwlrq zlwk frkhuhqf|1
Zh eholhyh wkdw wkh uhvxowv edvhg rq wkh frkhuhqf| ri wkh KS f|fohv duh odujho| lq x0
hqfhg e| frqwhpsrudqhrxv fruuhodwlrqv ehwzhhq wkh lqgxvwuldo surgxfwlrq yduldeohv1 Wklv
lv ehfdxvh wkh KS owhu dqg wkh vshfwudo phdvxuhv ri frkhuhqfh erwk lqyroyh wzr0vlghg
owhulqj dqg vprrwklqj ri wkh wlph0vhulhv1 Wr h{dplqh wkh uhodwlrqvkls ehwzhhq rxu glhu0
hqw phdvxuhv ri frpprq f|fohv dqg wkh frqwhpsrudqhrxv fruuhodwlrqv/ zh uvw fdofxodwhg
FRUUPOG/ wkh frqwhpsrudqhrxv fruuhodwlrq ehwzhhq uvw0glhuhqfhg surgxfwlrq lq hdfk
<frxqwu| dqg lwv pdmru wudglqj sduwqhu1 Zh dovr fdofxodwhg FRUUPKS/ wkh frqwhpsrudqh0
rxv fruuhodwlrqv ehwzhhq wkh KS0owhuhg surgxfwlrq lq hdfk frxqwu| dqg lwv pdmru wudglqj
sduwqhu1 Wkhq/ zh fdofxodwhg wkh fruuhodwlrq ehwzhhq wkhvh fruuhodwlrqv dqg rxu phdvxuhv
ri frpprq f|fohv1 Wkhvh duh uhsruwhg lq wkh odvw wzr urzv ri Wdeoh 41 Wkh odujh dqg vljql0
fdqw fruuhodwlrq ehwzhhq wkh frkhuhqf| ri KS f|fohv dqg hlwkhu FRUUPOG ru FRUUPKS
vxssruwv rxu ylhz wkdw wkh frkhuhqf| phdvxuh lv odujho| lq xhqfhg e| frqwhpsrudqhrxv
fruuhodwlrqv1 Rq wkh rwkhu kdqg/ wkh phdvxuhv ri frpprq EQVZ f|fohv vkrz qr vljqli0
lfdqw fruuhodwlrq zlwk FRUUPOG dqg FRUUPKS1 Wklv lv frqvlvwhqw zlwk wkh idfw wkdw
wkh phdvxuhv ri frpprq EQVZ f|fohv dvvhvv wkh vlplodulw| ehwzhhq wkh sursdjdwlrq phfk0
dqlvpv ri vkrfnv ryhu wlph +l1h1/ f|fohv,/ dqg qrw mxvw wkh vlplodulw| ehwzhhq wkh vkrfnv
wkhpvhoyhv1
Wdeoh 5 lv wkh vdph dv Wdeoh 4 h{fhsw wkdw wkh frpryhphqw vwdwlvwlfv dvvhvv wkh vlplodulw|
ehwzhhq exvlqhvv f|fohv lq hdfk frxqwu| dqg wkh lqgxvwuldo zruog1 Lq wklv fdvh/ wkhuh duh qr
vljqlfdqw fruuhodwlrqv ehwzhhq dq| ri wkh frpprq f|foh dqg wkh rshqqhvv phdvxuhv1 Zh gr
qrw sxw wrr pxfk hpskdvlv rq Wdeoh 5 ehfdxvh wkh zruog lqgxvwuldo surgxfwlrq phdvxuh
lv dq djjuhjdwh ri lqgxvwuldo surgxfwlrq lq lqgxvwuldo frxqwulhv/ dqg lv qrw dq dssursuldwh
phdvxuh ri wkh uhvw ri wkh zruog iru dq| frxqwu|1 Pruhryhu/ lw lv gl!fxow wr lqwhusuhw wkh
f|folfdo frpsrqhqw ri wklv djjuhjdwh phdvxuh/ xqohvv lqgxvwuldo surgxfwlrq ri wkh frxqwulhv
wkdw duh uhsuhvhqwhg lq wklv djjuhjdwh doo kdyh d vlqjoh frpprq f|foh/ zklfk lv fhuwdlqo|
qrw wkh fdvh1
43WDEOH 5
Vshdupdq Udqn Fruuhodwlrq Frh!flhqwv
Yduldeoh Frpprq F|foh Phdvxuhv zlwk Zruog Exvlqhvv F|foh
FFZSYDO FFZ8SFW FFZ4SFW FRKZS
RSHQ 31364 313<4 313;9 3145<
H[SJGS 313<: 3149: 31435 314;4
VL]H 031388 031358 03144: 31664WW
VL]HSF 03146: 31368 031353 3193<WWW
RHFG 0315<<W 031575 3148; 318;6WWW
FRUUZOG 313;9 3146: 31379 31::9WWW
FRUUZKS 031389 31343 031369 31;44WWW
Qrwh= - phdqv vljqlfdqw dw 43(/ -- phdqv vljqlfdqw dw 8( dqg --- phdqv vljqlfdqw dw 4( ohyho1
Wkh deryh fruuhodwlrq frh!flhqw dqdo|vlv vxppdul}hv vlpsoh elyduldwh uhodwlrqvklsv1
Iru h{dpsoh/ Wdeoh 4 vkrzv wkdw frxqwulhv zklfk duh pruh rshq duh pruh olnho| wr kdyh
frpprq f|fohv zlwk wkhlu pdmru wudglqj sduwqhuv/ dqg lw dovr vkrzv wkdw odujhu frxqwulhv
duh ohvv olnho| wr kdyh frpprq f|fohv zlwk wkhlu pdmru wudglqj sduwqhuv1 Krzhyhu/ jlyhq
wkdw odujhu frxqwulhv duh xvxdoo| ohvv rshq +vhh Shunlqv dqg V|utxlq +4<;<,,/ lw lv qdwxudo
wr dvn zkhwkhu wkh srvlwlyh fruuhodwlrq ehwzhhq rshqqhvv dqg frpprq f|fohv zloo vxuylyh
rqfh rqh frqwurov iru vl}h1 Wklv fdq eh dqvzhuhg e| uhjuhvvlrq dqdo|vlv1
Zh uvwo| frqfhqwudwh rq h{sodlqlqj wkh frpprq f|foh lqglfdwru yduldeohv +FFP8SFW
dqg FFP4SFW,/ dqg uxq orjlvwlf uhjuhvvlrqv wr dffrxqw iru wkh elqdu| qdwxuh ri wkh gh0
shqghqw yduldeoh1 Wkhvh uhjuhvvlrqv duh uhsruwhg lq Wdeoh 61 Froxpqv 4 dqg 6 xvh doo ri
rxu h{sodqdwru| yduldeohv1 Froxpq 5 uhsruwv wkh vdph uhjuhvvlrq dv froxpq 4 diwhu wkrvh
yduldeohv zklfk kdyh d qhjoljleoh hhfw rq wkh svhxgr U2 phdvxuh kdyh ehhq gursshg1 Wkh
uvw uhjuhvvlrq +froxpq 4, vxjjhvwv wkdw rshqqhvv kdv wkh prvw vljqlfdqw hhfw rq frp0
prq f|fohv/ dqg wkdw vl}h lv lqvljqlfdqw1 Gursslqj wkh yduldeohv zklfk kdyh olwwoh hhfw rq
w udlvhv wkh w0ydoxh iru wkh rshqqhvv frh!flhqw wr 41;1 Zkhq zh xvh FFP4SFW dv wkh
ghshqghqw yduldeoh/ wkh rqo| frh!flhqw zlwk d w0ydoxh odujhu wkdq 4 lv wkdw ri wkh rshqqhvv
yduldeoh1 Li zh gurs wkh ohdvw vljqlfdqw yduldeohv/ zh zloo jhw edfn wr wkh xqfrqglwlrqdo
fruuhodwlrq ehwzhhq FFP4SFW dqg RSHQ/ zklfk zdv uhsruwhg lq Wdeoh 41
44Wkh idfw wkdw rshqqhvv lv vwloo wkh prvw vljqlfdqw yduldeoh lq wkhvh uhjuhvvlrqv dvvxuhv
xv wkdw wkh xqfrqglwlrqdo fruuhodwlrqv ehwzhhq f|fohv dqg rshqqhvv lq Wdeoh 4 duh qrw d
vlpsoh duwlidfw ri wkh xvh ri JGS lq wkh ghqrplqdwru ri rxu rshqqhvv phdvxuh1 Dgplwwhgo|/
rxu uhjuhvvlrq hylghqfh rq krz rshqqhvv dhfwv f|fohv lv zhdn/ exw jlyhq wkdw zh kdyh rqo|
6: revhuydwlrqv/ dqg wkdw zh frqvwuxfw rxu ghshqghqw yduldeoh xvlqj wkh uhvxowv ri vwdwlvwlfdo
whvwv/ wkh odfn ri d vwurqj vljqdo lv xqghuvwdqgdeoh1
WDEOH 6
Rshqqhvv dqg Frpprq F|foh iurp Orjlw Prghov
Yduldeoh FFP8SFW FFP8SFW FFP4SFW
FRQVWDQW 03185; 031969 03199;
+03196, +031;4, +03193,








Svhxgr U2 31468 31465 31447
Qrwh= Wkh qxpehuv lq sduhqwkhvhv duh w0ydoxhv1
Zh dovr udq uhjuhvvlrqv wr h{dplqh krz rxu h{sodqdwru| yduldeohv duh uhodwhg wr rxu
phdvxuh ri frkhuhqfh ehwzhhq wkh KS0owhuhg gdwd ri d frxqwu| dqg lwv pdmru wudgh sduwqhu
+FRKPS,1 Dv deryh/ zh uvw xvhg doo ri rxu h{sodqdwru| yduldeohv lq wkh uhjuhvvlrq/ dqg
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45Wklv uhjuhvvlrq vxjjhvwv wkdw rshqqhvv lv srvlwlyho| +dowkrxjk zhdno|, uhodwhg wr frpprq f|0
fohv phdvxuhg e| frkhuhqfh/ zklfk lv frqvlvwhqw zlwk wkh orjlw prghov lq Wdeoh 61 VL]HSF
kdv d srvlwlyh hhfw rq frkhuhqfh/ hyhq diwhu frqwuroolqj iru rwkhu uhohydqw yduldeohv1 Vlqfh
wkh pdmru wudglqj sduwqhuv ri prvw frxqwulhv duh ghyhorshg frxqwulhv/ wkh frqwhpsrudqhrxv
fruuhodwlrq ehwzhhq lqgxvwuldo surgxfwlrq ri ghyhorshg frxqwulhv dqg wkhlu pdmru wudglqj
sduwqhuv lv kljkhu wkdq wkdw ri xqghughyhorshg frxqwulhv dqg wkhlu pdmru wudglqj sduwqhuv1
Wkhuhiruh/ lw lv pruh olnho| wkdw FRKPS i r ug h y h o r s h gf r x q w u l h vl vk l j k h uw k d qw k d wi r u
ghyhorslqj frxqwulhv1 Zh vxvshfw wkdw wklv lv uhvsrqvleoh iru wkh vljqlfdqfh ri wkh srvlwlyh
frh!flhqw1
615 Yrodwlolw| dqg Rshqqhvv
Wklv vhfwlrq h{dplqhv wkh hhfwv ri rshqqhvv rq wkh yrodwlolw| ri rxwsxw  xfwxdwlrqv1 Dv
glvfxvvhg lq wkh lqwurgxfwlrq/ wkhuh duh glhuhqw ylhzv derxw krz rshqqhvv pljkw dhfw
yrodwlolw|1 Wdeoh 7 surylghv vrph vlpsoh furvv fruuhodwlrqv ehwzhhq wzr phdvxuhv ri yrodwlolw|
dqg vhyhudo uhohydqw yduldeohv1 Rxu yrodwlolw| phdvxuhv duh wkh vwdqgdug ghyldwlrq ri wkh orj0











Qrwh= - phdqv vljqlfdqw dw 43(/ -- phdqv vljqlfdqw dw 8( dqg --- phdqv vljqlfdqw dw 4( ohyho1
Wkh uvw qrwdeoh uhvxow lv wkdw qhlwkhu phdvxuh ri rshqqhvv kdv dq| vljqlfdqw fruuhodwlrq
zlwk yrodwlolw|1 Qh{w/ zh qrwh wkdw yrodwlolw| lv vljqlfdqwo| dqg qhjdwlyho| fruuhodwhg zlwk
46wkh phdvxuhv ri vl}h dqg wkh ohyho ri ghyhorsphqw1 Wkxv/ wkh odujhu frxqwulhv/ wkh pruh
ghyhorshg frxqwulhv/ ru wkh RHFG frxqwulhv whqg wr kdyh d orzhu yrodwlolw| lq rxwsxw/
uhjdugohvv ri krz yrodwlolw| lv phdvxuhg1 Wklv pd| eh gxh wr wkh idfw wkdw ghyhorshg
frxqwulhv kdyh pruh glyhuvlhg hfrqrplhv/ dqg wkhuhiruh wkhlu rxwsxw lv ohvv yrodwloh1
Uhjuhvvlrq dqdo|vlv ohdgv wr vlplodu frqfoxvlrqv1 Wkh iroorzlqj htxdwlrqv uhsruw wkh hv0
wlpdwhg uhjuhvvlrqv ri YROOG rq rxu olvw ri h{sodqdwru| yduldeohv/ iru doo 6: frxqwulhv/ dqg
iru ghyhorshg dqg ghyhorslqj frxqwulhv vhsdudwho|1 Zh xvh wkh RHFG lqglfdwru wr glvwlq0
jxlvk ehwzhhq ghyhorshg dqg ghyhorslqj frxqwulhv1 Rqo| uhjuhvvlrqv iru wkh orj0glhuhqfhg
gdwd duh suhvhqwhg/ exw wkh uhvxowv iru YROKS duh vlplodu1 Vlqfh wkh ghshqghqw yduldeoh
lv srvlwlyh e| ghqlwlrq/ zh dovr udq vlplodu uhjuhvvlrqv zlwk wkh orjdulwkpv ri YROOG dv
wkh ghshqghqw yduldeoh/ exw wkh uhvxowv duh txdolwdwlyho| vlplodu/ dqg duh qrw uhsruwhg1
Doo frxqwulhv +6: frxqwulhv,
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RHFG frxqwulhv rqo| +54 frxqwulhv,








VL]HSF￿ .a %￿ /
U2 @3 =63=
Qrq0RHFG frxqwulhv rqo| +49 frxqwulhv,
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Wkhuh dsshduv wr eh qr vljqlfdqw uhodwlrqvkls ehwzhhq rshqqhvv dqg rxwsxw yrodwlolw|/
hlwkhu xqfrqglwlrqdoo|/ ru diwhu zh kdyh frqwuroohg iru rwkhu fr0yduldwhv1 Wklv qglqj lv
frqvlvwhqw zlwk Ud}lq dqg Urvh +4<<7, zkr qg qr uhodwlrqvkls ehwzhhq yrodwlolw| dqg
rshqqhvv +phdvxuhg e| uhvwulfwlrqv rq wudgh dqg fdslwdo prelolw|,1 Wkh shu fdslwd lqfrph
47vl}h lv wkh rqo| lpsruwdqw yduldeoh lq h{sodlqlqj lqgxvwuldo surgxfwlrq yrodwlolw| ri RHFG
frxqwulhv1 Iru ghyhorslqj frxqwulhv +qrq0RHFG frxqwulhv,/ hfrqrp| vl}h dv zhoo dv wkh shu
fdslwd lqfrph ohyho duh qhjdwlyho| uhodwhg wr yrodwlolw|1
7 Frpprq F|fohv Ryhu Wlph= Nruhd dqg khu Pdmru Wudgh
Sduwqhuv
Lq wkh suhylrxv vhfwlrq zh frqfoxghg wkdw frxqwulhv zklfk kdyh ehhq pruh rshq wr lqwhu0
qdwlrqdo wudgh ryhu wkh sdvw wzhqw| ru wkluw| |hduv duh pruh olnho| wr kdyh frpprq f|fohv
zlwk wkhlu pdmru wudgh sduwqhuv1 Rxu dqdo|vlv xvhg wkh furvv0vhfwlrqdo yduldwlrq ehwzhhq
glhuhqw frxqwulhv wr lghqwli| wkh fruuhodwlrqv ehwzhhq rxu frpprq f|foh lqglfdwru ydul0
deohv dqg rxu phdvxuhv ri rshqqhvv1 Krzhyhu/ vrph frxqwulhv wkdw zhuh uhodwlyho| forvhg
wzhqw| wr wkluw| |hduv djr kdyh ehfrph pxfk pruh rshq wr lqwhuqdwlrqdo wudgh lq uhfhqw
|hduv/ dqg wkhvh fkdqjhv lq rshqqhvv pd| kdyh ohg wr fkdqjhv lq wkh uhodwlrqvklsv ehwzhhq
glhuhqw frxqwu|*v exvlqhvv f|fohv1 Lq wklv vhfwlrq zh vwxg| krz fkdqjhv lq rshqqhvv pd|
kdyh lq xhqfhg wkh vlplodulwlhv ehwzhhq d frxqwu|*v f|fohv dqg wkrvh ri lwv pdmru wudgh sduw0
qhuv1 Zh irfxv rq wkh fdvh ri Vrxwk Nruhd/ ehfdxvh wklv frxqwu| lv riwhq ylhzhg dv d jrrg
h{dpsoh ri d frxqwu| wkdw kdv vxffhvvixoo| lpsohphqwhg d srolf| ri h{sruw rulhqwhg jurzwk1
Khuh/ rxu hpskdvlv lv rq f|fohv udwkhu wkdq jurzwk/ dqg zh dvn zkhwkhu ru qrw Nruhdq
exvlqhvv f|fohv kdyh ehfrph forvhu wr wkh exvlqhvv f|fohv ri khu pdmru wudgh sduwqhuv/ dv
khu wudglqj sudfwlfhv kdyh fkdqjhg1
Nruhd*v wzr pdmru wudgh sduwqhuv/ lq whupv ri wrwdo wudgh +wrwdo ydoxh ri h{sruwv dqg
lpsruwv,/ kdyh ehhq wkh Xqlwhg Vwdwhv dqg Mdsdq1 Wklv lv looxvwudwhg lq Iljxuh 4/ zklfk
sorwv XV dqg Mdsdqhvh wudgh zlwk Nruhd/ dv d sursruwlrq ri wrwdo Nruhdq wudgh1 Rxu vdpsoh
frqvlvwv ri 458 txduwhuo| revhuydwlrqv/ gdwlqj iurp wkh wklug txduwhu ri 4<95 wr wkh wklug
txduwhu ri 4<<:1: Iljxuh 4 vkrzv wkdw dssur{lpdwho| :8 shufhqw ri Nruhd*v wrwdo wudgh lq
w k h u v wg h f d g hr iw k hv d p s o hz d vz l w kw k hX Vd q gM d s d q 1K r z h y h u /w k hv k d u hl qN r u h d * v
wrwdo wudgh dwwulexwdeoh wr wkh XV dqg Mdsdq kdv ghfolqhg txlwh vwhdglo| ryhu wkh odvw wkuhh
:Wklv gdwd zdv h{wudfwhg iurp ydulrxv lvvxhv ri wkh Gluhfwlrq ri Wudgh Vwdwlvwlfv/ dqg wkh vsdq ri wkh
vdpsoh zdv glfwdwhg e| gdwd dydlodelolw|1
48ghfdghv ri wkh vdpsoh1 Dovr/ wkh Xqlwhg Vwdwhv dqg Mdsdq kdyh fkdqjhg urohv dv Nruhd*v
pdmru wudglqj sduwqhu rq vhyhudo rffdvlrqv1 Iljxuh 5/ zklfk sorwv Nruhdq h{sruwv/ vkrzv
wkdw wkh vkduhv ri h{sruwv wr wkh XV dqg Mdsdq kdyh ghfolqhg1 Wkh pdlq glhuhqfh ehwzhhq
wkh wzr jxuhv lv wkdw wkh wrwdo h{sruw vkduhv ri XV dqg Mdsdq shdn dw derxw 4<:5/ zkhuhdv
wkh wrwdo wudgh vkduhv ri XV dqg Mdsdq shdn pxfk hduolhu/ dw wkh ehjlqqlqj ri wkh vdpsoh1
Zh xvh frpprq f|fohv whvwv +iurp Vhfwlrq 515, wr ghwhuplqh zkhwkhu ru qrw Nruhdq
exvlqhvv f|fohv kdyh ehfrph forvhu wr wkh exvlqhvv f|fohv ri wkh XV dqg Mdsdq1 Wkh
whvwv duh edvhg rq wkuhh yduldeoh v|vwhpv frqwdlqlqj wkh orjdulwkpv ri lqgxvwuldo surgxfwlrq
ri Nruhd/ Mdsdq dqg wkh Xqlwhg Vwdwhv iurp 4<8:15 wr 4<<;14 +497 revhuydwlrqv,/ dqg zh
hpsor| wzr vwudwhjlhv iru vwxg|lqj krz frpprq f|fohv fkdqjh ryhu wlph1 Lq wkh uvw
phwkrg/ zh vwduw zlwk 53 revhuydwlrqv rq wkh wkuhh yduldeohv dqg whvw iru frpprq f|fohv/
dqg wkhq zh uhshdwhgo| dgg rqh revhuydwlrq dqg whvw iru frpprq f|fohv xqwlo zh h{kdxvw
wkh hqwluh gdwd vhw1 Lq wkh vhfrqg phwkrg/ zh whvw iru frpprq f|fohv edvhg rq irxu qrq0
ryhuodsslqj vdpsohv/ zklfk hdfk fryhu mxvw ryhu d ghfdgh ri gdwd +74 revhuydwlrqv,1
Wkh s0ydoxhv; iru wkh uhfxuvlyh whvwv duh sorwwhg lq Iljxuh 61 Khuh/ zh fdq vhh wkdw
wkh jhqhudo wuhqg lq wkh s0ydoxhv lv vrphzkdw vlplodu wr wkh jhqhudo wuhqg ri h{sruw vkduhv
looxvwudwhg lq Iljxuh 51 Wkh odujhvw s0ydoxh +3195, lv revhuyhg zkhq wkh gdwd vhw vsdqv wkh
shulrg iurp 4<8:15 wr 4<:514/ zklfk fruuhvsrqgv wr wkh shulrg zkhq wkh vkduh ri h{sruwv
wr Mdsdq dqg Xqlwhg Vwdwhv zdv pruh wkdq 83( ri wrwdo Nruhdq h{sruwv/ dqg wklv h{sruw
vkduh zdv ulvlqj1 Wkh s0ydoxh ri 3195 phdqv wkdw zh fdqqrw uhmhfw wkh qxoo k|srwkhvlv
wkdw exvlqhvv f|fohv lq Nruhd zhuh d olqhdu frpelqdwlrq ri exvlqhvv f|fohv lq wkh Xqlwhg
Vwdwhv dqg Mdsdq/ xqohvv zh doorz iru dw ohdvw d 95( suredelolw| ri d zurqjixo uhmhfwlrq1
Wkxv/ wkhuh lv olwwoh hylghqfh djdlqvw wkh frpprq f|foh k|srwkhvlv iru wklv 48 |hdu shulrg1
Krzhyhu/ zkhq zh dgg wkh gdwd iurp wkh uhvw ri 4<:3*v/ zklfk fryhuv wkh shulrg ryhu zklfk
wkh lpsruwdqfh ri h{sruwv wr Mdsdq dqg wkh XV ghfolqhg wr ehorz 83( ri wrwdo h{sruwv/ wkh
hylghqfh ri frpprq f|fohv ghfolqhv dv zhoo1 Wkh k|srwkhvlv ri frpprq f|fohv jhwv uhmhfwhg
iru wkh uvw wlph dw wkh 43( ohyho zkhq zh edvh wkh whvw rq gdwd xs wr 4<;315/ dqg dw wkh
8( ohyho zkhq zh edvh wkh whvw rq gdwd xs wr 4<;7151 Dv wkh gdwd iru odwh 4<;3*v duh dgghg
;Lw lv lpsruwdqw wr qrwh wkdw zh xvh ghjuhhv ri iuhhgrp dgmxvwhg yhuvlrq ri wkh whvw wr dffrxqw iru wkh
idfw wkdw wkh uhfxuvlyh whvwv duh edvhg rq glhuhqw vdpsoh vl}hv1 Vhh wkh Dsshqgl{ iru pruh ghwdlov1
49wr wkh vdpsoh/ wkh s0ydoxhv iru wkh whvw ulvh deryh wkh 43( ohyho1 Wklv lv frqvlvwhqw zlwk
wkh idfw wkdw XV dqg Mdsdqhvh h{sruw vkduhv urvh djdlq/ wr deryh 83(/ wrzdugv wkh hqg
ri 4<;3v1 Diwhu 4<<3/ zkhq XV dqg Mdsdqhvh h{sruw vkduhv vwduwhg wr ghfolqh djdlq/ wkh
frpprq f|foh s0ydoxhv dovr vwduwhg wr ghfolqh djdlq/ idoolqj ehorz 43( dqg 8( lq 4<<715
dqg 4<<814 uhvshfwlyho|1
Wkh hylghqfh iurp wkh uhfxuvlyh frpprq f|foh whvwv vxjjhvwv wkdw Nruhd kdv frpprq
f|fohv zlwk wkh XV dqg Mdsdq/ zkhq wkh h{sruw vkduhv jrlqj wr wkhvh odwwhu frxqwulhv duh
kljk1 Vlqfh XV dqg Mdsdqhvh vkduhv lq Nruhdq h{sruwv kdyh ghfolqhg/ Nruhd*v exvlqhvv
f|fohv kdyh ehfrph ohvv olnh exvlqhvv f|fohv lq wkh XV dqg Mdsdq1 Krzhyhu/ wkh uhfxuvlyh
whvwv duh ghshqghqw rq hdfk rwkhu ehfdxvh wkh| xvh ryhuodsslqj gdwd vhwv/ dqg wklv fdq
lqydolgdwh lqihuhqfh1 Wr fruuhfw iru wklv sureohp/ zh glylgh rxu vdpsoh ri 497 revhuydwlrqv
lqwr irxu qrq0ryhuodsslqj vdpsohv ri 74 revhuydwlrqv/ dqg whvw iru frpprq f|fohv lq hdfk
ri wkhvh vxevdpsohv1 Wkh vxevdpsohv lqfoxgh gdwd iurp 4<8:15 wr 4<9:15/ iurp 4<9:16 wr
4<::16/ iurp 4<::17 wr 4<;:17/ dqg iurp 4<;;14 wr 4<<;14 uhvshfwlyho|1 Wkh s0ydoxhv iru wkh
frpprq f|fohv whvwv edvhg rq wkhvh vxevdpsohv duh 3155/ 316;/ 3165 dqg 313: uhvshfwlyho|1
Wkhvh s0ydoxhv duh frqvlvwhqw zlwk rxu hduolhu uhfxuvlyh whvwv/ dqg wkh| vxjjhvw wkdw dv
wkh vkduh ri Mdsdq dqg wkh Xqlwhg Vwdwhv lq wkh wrwdo h{sruwv ri Nruhd kdv ghfolqhg/ wkh
frkhuhqfh ehwzhhq Nruhdq exvlqhvv f|fohv dqg exvlqhvv f|fohv ri Mdsdq dqg Xqlwhg Vwdwhv
kdv zhdnhqhg1
Zkhwkhu wkh glyhuvlfdwlrq ri h{sruw pdunhwv lv d qdwxudo rxwfrph ri wkh h{sruw0rulhqwhg
jurzwk surfhvv/ ru zkhwkhu lw kdv ehhq eurxjkw derxw wkurxjk wkh frqvflrxv hruwv ri
Nruhdq h{sruwhuv dqg srolflhv ri Nruhdq jryhuqphqw/ lv dq lpsruwdqw txhvwlrq wkdw kdv wr
eh vwxglhg/ exw lw lv rxwvlgh wkh vfrsh ri wkh suhvhqw sdshu1
8 Frqfoxglqj Uhpdunv
Lq wklv sdshu zh h{dplqh wkh uhodwlrqvkls ehwzhhq rshqqhvv dqg frpryhphqw lq exvlqhvv
f|fohv1 Rxu furvv0frxqwu| dqdo|vlv vxjjhvwv wkdw wkh f|folfdo yduldwlrq lq wkh rxwsxw ri
dq hfrqrp| wkdw lv pruh rshq/ lv pruh olnho| wr eh frpsohwho| v|qfkurql}hg zlwk wkdw ri
lwv pdmru wudglqj sduwqhu1 Lq rwkhu zrugv/ wkh sursdjdwlrq phfkdqlvpv iru vkrfnv ru wkh
4:lpsxovh uhvsrqvh ixqfwlrqv iru rxwsxw lq rshq hfrqrplhv/ duh olnho| wr ehfrph froolqhdu
zlwk wkrvh ri wkhlu pdmru wudgh sduwqhu1 Wkh yduldqfh ri wkhvh f|folfdo frpsrqhqwv grhv
qrw vhhp wr eh fruuhodwhg zlwk wkh ohyho ri rshqqhvv/ dqg lw vhhpv wr ghshqg rqo| rq ydulrxv
phdvxuhv ri d frxqwu|*v vl}h1 Rxu dqdo|vlv ri wkh Nruhdq fdvh surylghv vrph hylghqfh wkdw
v|qfkurql}dwlrq fdq eh eurnhq wkurxjk wkh glyhuvlfdwlrq ri wudgh sduwqhuv1
Olnh dq| rwkhu dssolhg sdshu wkdw xvhv uhdo gdwd/ wkh frqfoxvlrqv ri wklv sdshu duh frqgl0
wlrqdo rq wkh ghflvlrqv wkdw zh kdg wr pdnh lq wkh gdwd vhohfwlrq dqg gdwd surfhvvlqj vwdjhv1
Wkhvh ghflvlrqv/ zklfk pljkw eh frqwuryhuvldo/ lqfoxgh rxu fkrlfh wr xvh lqgxvwuldo surgxf0
wlrq vhulhv/ rxu vhdvrqdo dgmxvwphqw ri wkh qrq0dgmxvwhg gdwd/ rxu phwkrgv ri ghwuhqglqj/
dqg rxu phdvxuhv ri rshqqhvv dqg frpryhphqw1 Wkhvh ghflvlrqv zhuh sduwo| glfwdwhg e|
gdwd olplwdwlrqv/ sduwo| jxlghg e| rxu dvvhvvphqw ri xvxdo sudfwlfh lq wkh surihvvlrq/ dqg
sduwo| lq xhqfhg e| rxu eldvhv dqg olplwdwlrqv1 Krzhyhu/ zh eholhyh wkdw zh kdyh hvwde0
olvkhg wkdw wkh exvlqhvv f|fohv ri wudglqj frxqwulhv duh pruh olnho| wr ehfrph v|qfkurql}hg/
dv wkh| wudgh pruh1
Wkhruhwlfdo prghov ri rshq hfrqrplhv riwhq dwwhpsw wr jhqhudwh wkh vw|ol}hg idfw wkdw
wkh exvlqhvv f|foh frpsrqhqwv ri rxwsxw lq glhuhqw frxqwulhv duh srvlwlyho| fruuhodwhg1
Khuh/ zh surylgh dq dgglwlrqdo idfw wkdw vxfk prghov ri rshq hfrqrplhv rxjkw wr eh deoh wr
uhsurgxfh1 Vlqfh wkh v|qfkurql}dwlrq ri wkh f|fohv ri olqnhg g|qdplf v|vwhpv lv d vw|ol}hg
idfw lq elrorjlfdo dqg phfkdqlfdo v|vwhpv/ rxu qglqjv lq wklv sdshu lqglfdwh wkdw hfrqrplf
v|vwhpv duh qr glhuhqw iurp rwkhu g|qdplfdoo| olqnhg v|vwhpv1 Wklv vxssruwv wkh vxj0
jhvwlrq pdgh e| Dqghuvrq dqg Udpvh| +4<<<, wkdw wkh pdwkhpdwlfdo prghov ri frxsohg
rvfloodwruv wkdw kdyh ehhq xvhg lq rwkhu glvflsolqhv pd| eh xvhixo iru ghyhorslqj wkhruhwlfdo
prghov ri g|qdplf rshq hfrqrplhv1
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Fdqryd/ I1 dqg K1 Ghoodv +4<<6,/ Wudgh Lqwhughshqghqfh dqg wkh Lqwhuqdwlrqdo Exvlqhvv
F|foh/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 67/ 56 0 7:1
4<Fdqryd/ I1 dqg M1 Pduulqdq +4<<;, Vrxufhv dqg Sursdjdwlrq ri Lqwhuqdwlrqdo Rxwsxw
F|fohv= Frpprq Vkrfnv ru WudqvplvvlrqB/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 79/
466 0 991
Fdqwru U1 dqg Q1 Pdun +4<;;,/ Lqwhuqdwlrqdo Ghew dqg Zruog Exvlqhvv Ioxfwxdwlrqv/
Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 5</ 7<6 0 83:1
Hgzdugv/ V1 +4<<5,/ Wudgh Rulhqwdwlrq/ Glvwruwlrqv dqg Jurzwk lq Ghyhorslqj Frxq0
wulhv/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 6</ 64 0 8:1
Hgzdugv/ V1 +4<<6,/ Rshqqhvv/ Wudgh Olehudol}dwlrq/ dqg Jurzwk lq Ghyhorslqj Frxq0
wulhv/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 64/ 468; 0 <61
Hqjoh/ U1 I1 dqg F1 Z M1 Judqjhu +4<;:,/ Frlqwhjudwlrq dqg Huuru Fruuhfwlrq= Uhsuh0
vhqwdwlrq/ Hvwlpdwlrq/ dqg Whvwlqj/ Hfrqrphwulfd/ 88/ 584 0 :91
Hqjoh/ U1 I1 dqg V1 Nr}lfnl +4<<6, Whvwlqj iru Frpprq Ihdwxuhv/ Mrxuqdo ri Exvlqhvv
dqg Hfrqrplf Vwdwlvwlfv/ 44/ 69< 0 :<1
Jhuodfk/ K1 P1 V1 +4<;;,/ Zruog Exvlqhvv F|fohv xqghu Il{hg dqg Ioh{leoh H{fkdqjh
Udwhv/ Mrxuqdo ri Prqh|/ Fuhglw dqg Edqnlqj/ 53/ 954 0 651
Juhjru|/ D1 Z1/ Khdg/ D1 F1/ dqg M1 Ud|qdxog +4<<:,/ Phdvxulqj Zruog Exvlqhvv F|0
fohv/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 6; +6,/ 9:: 0 :341
Kduulvrq/ D1/ +4<<9,/ Rshqqhvv dqg Jurzwk= D Wlph0vhulhv Furvv0Frxqwu| Dqdo|vlv iru
Ghyhorslqj Frxqwulhv/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 7;/ 74< 0 7:1
Krgulfn/ U1 dqg H1 Suhvfrww +4<;3,/ Srvw0Zdu X1V1 Exvlqhvv F|fohv= Dq Hpslulfdo
Lqyhvwljdwlrq/ Glvfxvvlrq Sdshu Qr1 784/ Fduqhjlh0Phoorq Xqlyhuvlw|1
Lqwhuqdwlrqdo Prqhwdu| Ixqg +4<<;,/ Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv/ Zdvklqjwrq/
G1F1
Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Gluhfwlrq ri Wudgh Vwdwlvwlfv/ Ydulrxv Lvvxhv1
Nhqgdoo/ P1/ Vwxduw/ D1/ dqg N1 Rug +4<<4,/ Dgydqfhg Wkhru| ri Vwdwlvwlfv/Y r o 15 /8 w k
hglwlrq/ R{irug Xqlyhuvlw| Suhvv1
53Nuxjpdq/ S1 +4<<8,/ Lqfuhdvlqj Uhwxuqv/ Lpshuihfw Frpshwlwlrq dqg wkh Srvlwlyh Wkh0
ru| ri Lqwhuqdwlrqdo Wudgh/ lq J1 Jurvvpdq dqg N1 Urjr/ hgv1/ Kdqgerrn ri Lqwhu0
qdwlrqdo Hfrqrplfv/Y r o 16 /F k d s w h u5 7 /Q r u w kK r o o d q g 1
Nzdun/ Q1 +4<<<,/ Vrxufhv ri Lqwhuqdwlrqdo Exvlqhvv Ioxfwxdwlrqv= Frxqwu|0Vshflf
Vkrfnv ru Zruogzlgh VkrfnvB/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj1
O h d p h u /H 1H 1+ 4 < ; ; , / P h d v x u h vr iR s h q q h v v / l qU 1E d o g z l q /h g 1 /Wudgh Srolf| Lvvxhv
dqg Hpslulfdo Dqdo|vlv/ Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr/ Loolqrlv1
Phqgr}d/ H1 J1 +4<<4,/ Uhdo Exvlqhvv F|fohv lq d Vpdoo Rshq Hfrqrp|/ Dphulfdq
Hfrqrplf Uhylhz/ ;4/ :<: 0 ;4;1
Shunlqv/ G1 K1 dqg P1 V|utxlq +4<;<,/ Odujh Frxqwulhv= Wkh Lq xhqfh ri Vl}h/ lq K1
Fkhqhu| dqg W1 Q1 Vulqlydvdq/ hgv1/ Kdqgerrn ri Ghyhorsphqw Hfrqrplfv/Y r o 15 /
Fkdswhu 65/ Qruwk Kroodqg1
Udr/ F1 U1 +4<:7,/ Olqhdu Vwdwlvwlfdo Lqihuhqfh dqg lwv Dssolfdwlrqv/Z l o h | 1
Ud}lq/ Dvvdi dqg Dqguhz N1 Urvh +4<<7,/ Exvlqhvv0F|foh Yrodwlolw| dqg Rshqqhvv= dq
H{sodqdwru| Furvv0Vhfwlrqdo Dqdo|vlv/ lq Ohrqdugr Ohlghupdq dqg Dvvdi Ud}lq/ hgv1/
Fdslwdo Prelolw|= wkh Lpsdfw rq Frqvxpswlrq/ Lqyhvwphqw dqg Jurzwk/ Fdpeulgjh
Xqlyhuvlw| Suhvv/ 7; 0 :81
Vwrfn/ M1 K1 dqg P1 Z1 Zdwvrq +4<;;,/ Whvwlqj iru Frpprq Wuhqgv/ Mrxuqdo ri wkh
Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;6/ 43<: 0 443:1
Vwrfnpdq/ D1 F1 +4<;;,/ Vhfwrudo dqg Qdwlrqdo Djjuhjdwh Glvwxuedqfhv wr Lqgxvwuldo
Rxwsxw lq Vhyhq Hxurshdq Frxqwulhv/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 54/ 6;: 0
73<1
Vwrfnpdq/ D1 F1 dqg O1 O1 Whvdu +4<<8, Wdvwhv dqg Whfkqrorj| lq d Wzr Frxqwu| Prgho
ri wkh Exvlqhvv F|foh= H{sodlqlqj Lqwhuqdwlrqdo Frpryhphqwv/ Dphulfdq Hfrqrplf
Uhylhz/ ;8/ 49; 0 4;81
Vwurjdw}/ V1 K1 dqg L1 Vwhzduw +4<<6,/ Frxsohg Rvfloodwruv dqg Elrorjlfdo V|qfkurql}d0
wlrq/ Vflhqwlf Dphulfdq/ 435 0 43<1
54Vxpphuv/ U1 dqg D1 Khvwrq +4<<4,/ Wkh Shqq Zruog Wdeoh= +Pdun 8,= Dq H{sdqghg
Vhw ri Lqwhuqdwlrqdo Frpsdulvrqv/ 4<83 0 4<;;/ Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439/
65: 0 69;1
Ydklg/ I/ dqg U1 I1 Hqjoh +4<<6,/ Frpprq Wuhqgv dqg Frpprq F|fohv/ Mrxuqdo ri
Dssolhg Hfrqrphwulfv/ ;/ 674 0 6931
Ydklg/ I/ dqg U1 I1 Hqjoh +4<<:,/ Frghshqghqw F|fohv/ Mrxuqdo ri Hfrqrphwulfv/ ;3/
4<< 0 5541
55D s s h q g l {4 =O l v wr iF r x q w u l h v
Frxqwu| Shulrg Qdph ri Vhulhv Pdmru Wudgh Sduwqhu
41 Dxvwudold 8:T60<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Mdsdq
51 Dxvwuld 8<T40<8T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
61 Edqjodghvk :6T60<:T6 Lqgxvwuldo Surgxfwlrq Lqgh{ XVD
71 Ehojlxp 8:T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
81 Fdqdgd 8:T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ XVD
91 Fkloh 8;T40<;T4 Pdqxidfwxulqj Surgxfwlrq Lqgh{ XVD
:1 Ghqpdun 9;T40<;T4 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
;1 Ilqodqg 8:T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
<1 Iudqfh 8:T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
431 Jhupdq| 8:T40<;T4 Lqgxvwuldo Surgxfwlrq Lqgh{ Iudqfh
441 Juhhfh 93T40<:T7 Pdqxidfwxulqj Surgxfwlrq Lqgh{ Jhupdq|
451 Krqj Nrqj ;5T40<:T7 Pdqxidfwxulqj Surgxfwlrq Lqgh{ XVD
461 Lqgld 93T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ XVD
471 Luhodqg 8:T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ XN
481 Lvudho 8:T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ XVD
491 Lwdo| 8:T40<6T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
4:1 Mdsdq 8:T40<;T4 Lqgxvwuldo Surgxfwlrq Lqgh{ XVD
4;1 Nruhd 8:T40<;T4 Lqgxvwuldo Surgxfwlrq Lqgh{ XVD
4<1 Ox{hpexuj 8:T40<:T5 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
531 Pdod|vld :3T40<:T6 Lqgxvwuldo Surgxfwlrq Lqgh{ Vlqjdsruh
541 Ph{lfr 8:T40<:T5 Lqgxvwuldo Surgxfwlrq Lqgh{ XVD
551 Prurffr 8<T40<:T6 Lqgxvwuldo Surgxfwlrq Lqgh{ Iudqfh
561 Qhwkhuodqgv 8:T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
571 Qhz ]hdodqg ::T50<9T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Dxvwudold
581 Qljhuld :3T40<:T5 Pdqxidfwxulqj Surgxfwlrq Lqgh{ XN
591 Qruzd| 93T40<;T4 Lqgxvwuldo Surgxfwlrq Lqgh{ XN
5:1 Sdnlvwdq :3T60<:T4 Lqgxvwuldo Surgxfwlrq Lqgh{ XVD
5;1 Shux :<T40<;T4 Pdqxidfwxulqj Surgxfwlrq Lqgh{ XVD
5<1 Srodqg ;5T40<8T7 Pdqxidfwxulqj Surgxfwlrq Lqgh{ Jhupdq|
631 Sruwxjdo 93T40<8T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
641 Vlqjdsruh 99T40<:T6 Lqgxvwuldo Surgxfwlrq Lqgh{ XVD
651 Vrxwk Diulfd 94T40<:T7 Pdqxidfwxulqj Surgxfwlrq Lqgh{ XN
661 Vsdlq 94T40<:T7 Pdqxidfwxulqj Surgxfwlrq Lqgh{ Iudqfh
671 Vzhghq 8:T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
681 Vzlw}huodqg 98T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ Jhupdq|
691 XN 8:T40<:T7 Lqgxvwuldo Surgxfwlrq Lqgh{ XVD
6:1 XVD 8:T40<;T4 Lqgxvwuldo Surgxfwlrq Lqgh{ Fdqdgd
6;1 Zruog 8:T40<;T4 Lqgxvwuldo Surgxfwlrq Lqgh{Dsshqgl{ 5= Ghwuhqglqj Phwkrgv dqg Frpprq F|fohv Whvwv
+d, Pxowlyduldwh Ehyhulgjh0Qhovrq Ghfrpsrvlwlrq
Wklv phwkrg doorzv iru ghwhuplqlvwlf dqg vwrfkdvwlf wuhqgv lq wkh vhulhv/ dqg lw uholhv rq
wkh uhdvrqdeoh dvvxpswlrq wkdw wkh uvw glhuhqfh ri wkh vhulhv duh vwdwlrqdu| dqg khqfh
kdyh d srvvleo| lqqlwh prylqj dyhudjh uhsuhvhqwdwlrq1 Wklv uhsuhvhqwdwlrq lv jlyhq e|
|| @  .F +O,%|> +4,
zkhuh || lv wkh q  4 yhfwru ri uvw glhuhqfhv ri wkh wlph vhulhv xqghu lqyhvwljdwlrq/
 lv wkh q  4 yhfwru ri xqfrqglwlrqdo phdqv ri ||/d q g%| lv dq q  4 yhfwru ri }hur
phdq udqgrp yduldeohv zklfk duh lqghshqghqwo| dqg lghqwlfdoo| glvwulexwhg iru doo w= F +O,
lv dq q  q pdwul{ ri srvvleo| lqqlwh rughu sro|qrpldov lq wkh odj rshudwru O/ zklfk
vdwlvhv F +3, @ L? dqg wkh frqglwlrqv wkdw pdnh F +O,%| d vwulfwo| vwdwlrqdu| dqg hu0
jrglf q0glphqvlrqdo surfhvv1 Vhh Eurfnzhoo dqg Gdylv +4<<4,/ iru h{dpsoh/ iru wkh uhohydqw
vwdwlrqdulw| frqglwlrqv1
Xvlqj wkh lghqwlw| wkdw F +O,  F +4,.+4 O,FW +O,> lq zklfk FW+O, lv dqrwkhu qq
pdwul{ ri srvvleo| lqqlwh rughu sro|qrpldov lq wkh odj rshudwru zklfk vdwlvhv wkh vdph
frqglwlrqv dv F +O,> htxdwlrq +4, fdq eh zulwwhq dv
|| @  . F +4,%| .+ 4 O,FW+O,%|=
Lqwhjudwlqj erwk vlghv ri wkh deryh/ zh rewdlq





. FW+O,%|  ~} 
=
|| @ wuhqg| . f|foh|
+5,
Wkh wuhqg lv wkh vxp ri ghwhuplqlvwlf dqg vwrfkdvwlf frpsrqhqwv/ dqg wkh odwwhu ri wkhvh lv
dq q4 yhfwru ri udqgrp zdon surfhvvhv1 Rqh zd| ri mxvwli|lqj wklv dv wkh wuhqg frpsrqhqw
ri wkh wlph vhulhv dw wlph w> lv wkdw lw lv wkh sduw ri vhulhv wkdw frqwdlqv doo ri wkh dydlodeoh
lqirupdwlrq iru orqj0whup iruhfdvwlqj ri wkh vhulhv/ jlyhq wkh lqirupdwlrq vhw dw wlph w= Wkh
wuhqg frpsrqhqwv duh uhwulhyhg e| lqyhuwlqj dq hvwlpdwhg yhfwru dxwruhjuhvvlyh prgho iru||= Zkhq || kdv frpprq wuhqgv</ wkhvh frpsrqhqwv duh ghulyhg iurp dq hvwlpdwhg yhfwru
huuru fruuhfwlrq prgho iru ||= Wkh f|folfdo frpsrqhqwv duh wkh uhvlgxdo frpsrqhqwv ri
|| diwhu vxewudfwlqj wkh wuhqgv/ dqg wkh| duh fdoohg wkh ghwuhqghg ||= Lw lv lpsruwdqw
wr qrwh wkdw wkh f|folfdo frpsrqhqw ri || lv qrw jlyhq e| ||/ dqg rxu phwkrg ri whvwlqj
zkhwkhu wkh f|folfdo frpsrqhqwv pryh wrjhwkhu grhv qrw uhtxluh suholplqdu| h{wudfwlrq ri
wkh f|folfdo frpsrqhqwv1 Zh h{sodlq wklv odwwhu srlqw lq wkh odvw sduw ri wklv dsshqgl{1
+e, Krgulfn0Suhvfrww Ilowhulqj
Wkh vhfrqg ghwuhqglqj phwkrg wkdw zh xvh lv edvhg rq wkh Krgulfn0Suhvfrww owhu
+Krgulfn dqg Suhvfrww 4<;3,1 Dffruglqj wr wklv phwkrg/ wuhqgv duh uhwulhyhg e| wwlqj d
vprrwk olqh wr wkh gdwd srlqwv iru hdfk lqglylgxdo vhulhv1 Wklv vprrwk olqh lv ghulyhg iurp
















Wkh sdudphwhu  ghwhuplqhv uhodwlyh lpsruwdqfh ri wkh odfn ri vprrwkqhvv wr wkh odfn ri
w1 Iru txduwhuo| gdwd/ wkh ydoxh ri  @4 9 3 3lv xvxdoo| xvhg/ dqg wklv lv zkdw zh xvh lq
wklv sdshu1 Dojrulwkpv iru dsso|lqj wklv ghwuhqglqj phwkrg duh qrz surylghg lq prvw wlph
vhulhv hfrqrphwulf sdfndjhv1 Iru d odujh vdpsoh vl}h/ dqg dzd| iurp wkh ehjlqqlqj dqg wkh




4.+4  O,2+4  O3￿,2||=
Khqfh/ wkh KS wuhqg lv wkh uhvxow ri sdvvlqj wkh vhulhv wkurxjk d wzr0vlghg owhu1 Wkh
f|folfdo frpsrqhqw lv wkh uhvlgxdo frpsrqhqw diwhu vxewudfwlqj wkh wuhqg1
+f, Frpprq F|fohv Whvw
Zh xvh wkh frpprq f|fohv whvw ghyhorshg e| Ydklg dqg Hqjoh +4<<6, wr ghwhuplqh
zkhwkhu wkh f|folfdo frpsrqhqwv lq wkh EQVZ ghfrpsrvlwlrq pryh wrjhwkhu1 Vlqfh zh
frqvlghu sdluv ri frxqwulhv hdfk wlph zh frqgxfw wklv whvw/ wklv glvfxvvlrq ghvfulehv wkh
orjlf ehklqg wkh whvw zkhq || lv 5  4= Wkh frpprq f|fohv whvw/ whvwv li wkh EQVZ f|foh
<Wkdw lv zkhq +| duh frlqwhjudwhg1 Lq wkh fdvh ri vwrfkdvwlf frlqwhjudwlrq  E zloo kdyh udqn ohvv wkdq
?c dqg lq wkh fdvh ri ghwhuplqlvwlf frlqwhjudwlrq E>   E zloo kdyh udqn ohvv wkdq ? Lq erwk fdvhv/ wkh
dssursuldwh prgho iru {+| zloo eh d yhfwru huuru fruuhfwlrq prgho +YHFP, udwkhu wkdq d YDU1 Vhh Hqjoh
dqg Judqjhu +4<;:,1 Lq rxu dssolfdwlrq/ qrqh ri wkh sdluv ri vhulhv zklfk zh dqdo|}h duh frlqwhjudwhg1lq rqh vhulhv lv d pxowlsoh ri wkh EQVZ f|foh lq wkh rwkhu1 Li d frpprq f|foh lv suhvhqw/
wkhq wkh EQVZ f|fohv lq wkh wzr hohphqwv ri || zloo eh frpsohwho| frkhuhqw1 Xqghu wklv
dvvxpswlrq/ wkhuh zloo eh d olqhdu frpelqdwlrq ri || zklfk zloo qrw frqwdlq dq| f|folfdo
f r p s r q h q w /d q gi u r ph t x d w l r q+ 5 , /w k l vz l o ol p s o |w k d w
￿|| @ ￿wuhqg|=
Jlyhq wkh ghqlwlrq ri wuhqg| lq htxdwlrq +5,/ wkh uvw glhuhqfh ri wkh deryh uhodwlrqvkls
lv
￿|| @ ￿ .￿%|>
zklfk lv zklwh qrlvh1 Wklv zloo lpso| wkdw lq wkh YDU +ru li dssursuldwh wkh YHFP, prgho
ri ||> doo frh!flhqw pdwulfhv pxvw kdyh udqn 4/ dqg doo pxvw kdyh wkh vdph ohiw qxoo0vsdfh1
Wkdw lv/ li wkh YDU prgho lv ghqrwhg e|
|| @ Df . D￿||3￿ . . DR||3R . %|>
wkhq qxoo k|srwkhvlv ri frpprq EQVZ f|fohv fdq eh suhvhqwhg dv
Kf = ￿D￿ @ ￿D2 @ @ ￿DR @3 =
Wkh whvw vwdwlvwlf iru wklv k|srwkhvlv fdq eh irupxodwhg lq whupv ri wkh vtxduhg vdp0
soh fdqrqlfdo fruuhodwlrq ehwzhhq || dqg i||3￿>||32>>||3Rj iru w @ s .4 >===>W=
Vshflfdoo|/





￿ lv wkh vpdoohvw vdpsoh vtxduhg fdqrqlfdo fruuhodwlrq ehwzhhq wkh deryh wzr vhwv
ri yduldeohv1 Prvw vwdwlvwlfdo sdfndjhv vxfk dv VDV kdyh exlow lq surfhgxuhv iru fdofxodwlqj
wkh vdpsoh fdqrqlfdo fruuhodwlrqv1 Vpdoo vdpsoh fruuhfwlrqv duh riwhq xvhg wr pdnh wklv
dv|pswrwlf whvw pruh dffxudwh lq vpdoo vdpsohv1 Rxu vpdoo vdpsoh fruuhfwlrq lv edvhg rq
Udr*v +4<:7, I0dssur{lpdwlrq wr wkh deryh fulwhulrq/ zklfk lv dxwrpdwlfdoo| fdofxodwhg e|
wkh fdqfru surfhgxuh lq VDV1